When insulin was first introduced there were several factors that influenced the kind of diet prescribed for patients. There was a scarcity of insulin, which meant that only the severe diabetics could be treated at all, and in these cases its use was to be economized by rigid dieting. Then again the value of fasting with the subsequent gradual additions of carbohydrate on the ladder principle had been recently substantiated. This treatment marked such an advance, and was SO nearly successful in many cases, that many physicians felt that if only a little insulin were added a gradual cure might be expected in the course of a few years, and this would apply particularly to children, since the pancreas would naturally increase in size as the child grew up. A third argument was that it would be much easier to get a correct balance between diet and insulin when both the carbohydrate and the insulin were kept low. This balance was of particular importance, because it is considered that successful treatment depends upon the blood-sugar being kept within normal limits throughout the 24 hours. Consequently the diets used, as far as their carbohydrate content was concerned, were very similar to those of the under-nutrition period, although care was taken to give enough carbohydrate to prevent a well-marked Rothera reaction appearing in the urine. Although it must be admitted that patients in general have done well with this treatment, it cannot be said that any striking permanent amelioration in the disease has been commonly met with, and in many children who have been most carefully treated at home, the disease, if not stationary, has rather tended to progress. Curiously, it is the elderly patients who seem to have most readily regained carbohydrate tolerance, and Leyton [1] has published cases in this connection.
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Dr. E. P. Poulton: When insulin was first introduced there were several factors that influenced the kind of diet prescribed for patients. There was a scarcity of insulin, which meant that only the severe diabetics could be treated at all, and in these cases its use was to be economized by rigid dieting. Then again the value of fasting with the subsequent gradual additions of carbohydrate on the ladder principle had been recently substantiated. This treatment marked such an advance, and was SO nearly successful in many cases, that many physicians felt that if only a little insulin were added a gradual cure might be expected in the course of a few years, and this would apply particularly to children, since the pancreas would naturally increase in size as the child grew up. A third argument was that it would be much easier to get a correct balance between diet and insulin when both the carbohydrate and the insulin were kept low. This balance was of particular importance, because it is considered that successful treatment depends upon the blood-sugar being kept within normal limits throughout the 24 hours. Consequently the diets used, as far as their carbohydrate content was concerned, were very similar to those of the under-nutrition period, although care was taken to give enough carbohydrate to prevent a well-marked Rothera reaction appearing in the urine. Although it must be admitted that patients in general have done well with this treatment, it cannot be said that any striking permanent amelioration in the disease has been commonly met with, and in many children who have been most carefully treated at home, the disease, if not stationary, has rather tended to progress. Curiously, it is the elderly patients who seem to have most readily regained carbohydrate tolerance, and Leyton [1] has published cases in this connection.
It was in the autumn of 1928 that the present writer was so impressed with the comparative failure of this treatment in the case of children that he decided to try much fuller carbohydrate diets, taking the point of view that the results might be better and could hardly be worse. There was a particular reason for employing this treatment for the first patient; she was a girl (McC. Group 1), aged 9, suffering from quite mild diabetes; she had glands in the abdomen which a laparotomy two years previously had shown to be tuberculous, and there was a continual slight evening rise of temperature.
By the end of 1928, when this first patient was treated, other physicians had already been thinking along these lines, and some of the earlier papers may be quoted. Hamman and Hirshman [21 (1919) showed that the ingestion of a second dose of glucose produced a smaller rise in the blood-sugar than the first dose, while Gibson and Larimer [3] (1924) claimed to have produced hypoglycamic symptoms in a case of renal glycosuria by repeated ingestion of glucose. Chabanier [4] (1924) (1925) was probably the first to advocate the use of higher carbohydrate diets; but his treatment was unusual. He set no particular store by reducing the blood-sugar to within normal limits and he gave his insulin by means of a series of " cures," in which the patient came up to the clinic twice daily for injections over a period of some weeks; then the insulin was omitted, and further courses were given when JULY-THERAP. 1 the patient relapsed after weeks or months, as the case might be. At the beginning of the treatment the carbohydrate varied in amount from 100 to 250 grm. per day, according to the case, and these amounts were later increased. Practically everyone is agreed that insulin should be given continuously, and Chabanier's unusual procedure in this respect may have led to the neglect of the higher carbohydrate feeding that he advocated. Sansum, Blatherwick and Bowden [5] (1926) referred to the well-known fact that diabetes occurred among fat people, and that the blood-sugar can be raised by giving a high fat diet just as it may be by giving a high carbohydrate diet, and they advocated a high carbohydrate diet. Adlersberg and Porges [6] (1926) also advocated the administration of high carbohydrate, moderate protein and little fat; they argued that with a high fat intake so much fat is stored in the liver that the latter organ is unable to deal with carbohydrate, and so the blood-sugar rises to an abnormally great extent after giving sugar, as in the ordinary sugar tolerance test. In this connection some striking figures were published by Sweeney [71 (1927) . He showed that with a subject on a carbohydrate diet the sugar tolerance curve after dextrose rose from 0 * 08 to 0 * 12% at its highest; on a protein diet from 0 * 062 to 0 * 16, whereas on a fat diet the values ranged from 0 065 to 0 19, and in starvation from 0 08 to 0'20. Richardson [8J found that in a man with diabetes, aged 34, weighing 130 to 135 lb., the urine was sugar-free and the blood-sugar normal with a diet of C. 57, P. 58, F. 150 grm. and 46 units of insulin in the day; the carbohydrate and fat were then interchanged, so that the diet was C. 150, P. 58 and F. 57, and with the same insulin the blood-sugar and urine remained as before. This interchange could not be made with patients who are fat without the sugar coming back. Babinowitch [9] (1928) has argued in an opposite manner, claiming that because exercise and starvation cause hypoglyeaemia in diabetics, these two factors increase carbohydrate tolerance. But the term " gain or loss of sugar tolerance ! should not be used for what is merely a disparity between the supply of glucose and its utilization. Rabinowitch [10] (1930) has recently changed his views, advocating a high carbohydrate and a very low fat diet. In this country J. A. Nixon [11] has since the introduction of insulin used diets containing over 100 grm. of carbohydrate.
The nature of the problem may best be considered by means of a concrete instance. What possible ways are there of constructing a diet to yield 2,400 calories? The protein content of the diet, unless it is excessive, will at most account for 400 calories; there are still 2,000 to divide up between the carbohydrate and fat. According as the ratio of these two changes from 1 to 2, to 4 to 1, the amounts of carbohydrate allowed per day will vary between 90 and 320 and the fat between 180 and 80. (See Table. ) Which of these formulas is the one most C to F C The evidence in favour of allowing a higher or a normal amount of carbohydrate in a diabetic diet is presented in the form of a study of twenty-seven patients, arranged in Groups 1 and 2 in descending order of age. In Group 1 fifteen patients, including five children, have been observed during a period of low carbohydrate feeding, and subsequently when the carbobydrate has been increased. In Group 2 twelve patients, including two children, have been treated from the beginning with higher or normal carbohydrate diets. Group 3 has been added for comparison, and consists of twenty-four patients, most of whom replied to a questionnaire sent out in November, 1925, some two years after insulin treatment was begun, while the remainder began their insulin treatment later. This is not a large number of cases, but a selection has been made of those patients who, there is reason to believe, have conscientiously followed the diet prescribed and have regularly tested the urine for sugar. Hospital patients have not been included. Brief clinical notes, with blood-sugar before treatment and the length of the diabetic history, have been added in all the groups, so that some idea of the severity of the case may be obtained. No mention has been made of fatigue as a symptom, because it was always present to some degree before treatment, even in the mildest cases, and wasting is only specially noted where figures for the predicted weight are absent. The normal range of predicted weight was determined from Ainley Walker's [131 figures correlating the stem length with the body-weight of normal individuals [14] . The range represents four times the standard deviation from his formula for males and 3 * 2 times the standard deviation for females, and so it should include 95% of all normal observations for males and 87% for females. This is not an ideal method of comparison, because the range is so big, presumably because the lengths of arms and legs and the size of the head are not taken into account. Ainley Walker, of course, was not concerned with this aspect of the question; his figures were obtained from children and young adults, mainly undergraduates, and a certain extra allowance of fat may well be admissible in the middle-aged, increasing the predicted weight. Hence, any patient whose weight appears near the bottom of the normal range is to be looked upon as decidedly wasted, and in most cases there is a rise of weight at the end of the period. Comparatively few of the cases were above the maximum, a figure which would indicate obesity. Dreyer [151 introduced the measurement of the circumference of the chest as an additional help; but this fails both for fat people and for thin people, and so has not been used.
The cases in Group 3 were treated on the principle of a small carbohydrate and a relatively large fat ration; 5% and 10% vegetables, including Jerusalem artichokes, have always been allowed in large quantity and 1 oz. has been counted as affording 1 grm. of carbohydrate, while the protein content has been neglected.
The patients were told only to reduce their insulin if they noticed symptoms of hypoglyciemia; the insulin dosage had been originally adjusted so as to be short of the amount that produced hypoglycaemic symptoms while the urine remained free of sugar, and the blood-sugar was nbrmal except where stated in the tables. This dosage was the insulin requirement at the beginning of treatment (column 11) and it is compared with the value at the end of the period (column 13). In one case too little insulin was being taken, and the prefix > has been added. In Groups 1 and 2 the arrangement is different. In each case the first date and body weight correspond to the beginning of insulin treatment, and the first diet and insulin dosage, as in Group 3, are the amounts ordered for the patient on returning home after the preliminary investigations were completed. For the later dates all the figures in line correspond, and the diet mentioned had been taken over a prolonged period, very often since the time of the previous examination noted in the table; this latter fact is indicated by the C. figure being in italics. The number of months of low or higher carbohydrate feeding are given in column 2 (Low C. and High C. in Group 1, Insulin (months) in Group 2). A rough measure of the severity of a case of diabetes may be obtained by dividing the carbohydrate intake in grams by the number of units of insulin required when the patient's blood-sugar is normal I.sthough this plan is not justified when low and high carbohydrate diets are compared. Still this method may be used to compare individuals when the diet is about the same, or to estimate change in the severity of the disease, supposing that intestinal absorption of carbohydrate is fairly complete. In four children (Gol., Ric.,
McC. and R. K.) where the threshold was normal an accurate estimate of this ratio has been made over a period of years because the urine has always been tested for sugar six times a day. In the charts it was seen that good periods were interspersed with bad periods when, owing to some infection, sugar appeared in the urine and the insulin had to be increased. The ratios at the good periods, when there was no sugar, are used for comparison to determine the progress of the case from month to month.
In assessing the results of treatment, the adult patients will be dealt with first and the children separately, later on.
Adults.-To determine the effect of a low carbohydrate diet on adult patients, the cases in Groups I and III, omitting Lew., may be added together, because these patients all began their insulin treatment on this same type of diet. The total number was 31. Of these 17 (55%) required less insulin at the end of the stated period which in the case of Group I extended up to 7 years and more, and in Group 3 varied between 11 months and 3' years (column 12). In 10 (32%) the insulin requirement remained about the same as at the beginning and in four it had increased. These cases have also been divided into two series, according as there was, or was not, wasting at the beginning of treatment, and the results are not so favourable in the wasted patients. Age, as might be expected, had an influence. Of 18 patients over 35, in 12 (67%) the insulin requirement was less when the cases were reviewed; four remained stationary, and in two, more insulin was required. Of 13 under 35 and over 19 years, only five (38%) required less insulin; six were stationary, and two required more insulin than before; so the older patients did rather better.
In Group 2 there were eight adult patients over 35 who began their insulin treatment with a high carbohydrate diet, and of these five showed improvement, as indicated by the carbohydrate-insulin ratio, while three remained stationary. This is practically the same proportion as with the low carbohydrate diet. Two patients in Group 2, aged 27 and 17, both remained stationary. It might be argued that it is wrong to compare the patients in Group 2 who had been taking insulin on the average for only a year, with patients in Group 1 whose average length of treatment on the low carbohydrate diet was over 4 years, or with those of Group 3 who had GROUP I.
(1) Diabetic History (1) Case (2) Low C.
(2) Sex (3) High C. averaged two years' treatment. However, 24 of these Groups 1 and 3 patients had also been examined on the average about six months after beginning treatment, and in 17 patients the improvement or deterioration finally observed was also evident after this shorter period of time. One patient (J. Rob.) who did well shortly afterwards required more insulin later on when he had grown very much heavier. The other six cases were either stationary to begin with and improved later, or vice versa. Anyhow, in most cases it would appear at quite an early date whether the insulin requirement will be increased or diminished as the patient grows older. The patients in Group 2 have taken their carbohydrate in tbe form of bread, oatmeal, potatoes, rice or sago, vegetables, fruit and milk; but in three patients who have done extremely well (Fin., Sod., Haw.) actual sugar was taken in the form of marmalade or Horlick's malted milk. It might also be a good plan to give laevulose as a sweetening agent, as suggested originally by Hale White [16] and F. Gowland Hopkins. One patient (Sod.) complained of shortness of breath and cardiac pain with exercise before insulin treatment; but these symptoms disappeared; though just recently there has been a return, when he had a "cold on the chest." The comparison between a low and a high carbohydrate diet in the same case is seen in Group 1. It is a striking fact that the carbohydrate-to-insulin ratio is increased with change of diet, indicating that a given quantity of insulin becomes capable of dealing with more carbohydrate when the fuller diet is employed.
Of the 10 adult patients an increase in the ratio was found in seven. In one (Bai.) the ratio fell, and in two (Le. and San.) it remained about the same. Le. began his treatment with 100 grm. C., but this was reduced and then again increased. The behaviour of this ratio is well seen in the very mild case (Lew.), a medical man in whom glycosuria was discovered 19 years previously. He was on a relatively high carbohydrate diet all through the treatment; but the ratio is on the average slightly less when the carbohydrate of the diet is lower; but in no case is the value at all low. This patient, who showed a definite diabetic type of blood-sugar response to ingestion of glucose in 1925 (see figs. in table) gave the following figures in June 1930: 95 mg.; 50 g. glucose; 33' 180; 60' 190; 90' 180; 120' 120; 180' 65. The insulin has since been discontinued and the same high carbohydrate diet, without sugar, is being taken at present. A similar response to 50 g. glucose has been obtained in April, 1931. Though a very mild case he felt much better for htis insulin treatment and one symptom that he noticed disappear was a feeling of giddiness on getting up quickly. The next case (Edw.) also shows f. wonderful improvement in the course of 5 years, with a ratio rising from 1 2 to 6 -7. He is now taking sugar in the form of marmalade. Cre. is another mild case with high ratio now on a diet of 248 grm. C. including some marmalade. Her sugar tolerance curve in June, 1929, was 180 mg.; 50 g. glucose; 40' 195; 65' 270; 92' 290; 180' 230. In four of these patients there are sufficient data to estimate the progress during the period of the high C. feeding. Ett. has shown some and Bai. a very slight improvement, and two (Lew. and Cre.) have remained stationary. It has been noted that the sugar tolerance curve of Lew. had shown great improvement; but of course this may have occurred quite early in the treatment.
Children.-Of the seven children who began with the low carbohydrate diet (Groups 1 and 3), two of these (Eas. Lan.) remained stationary at first; but later the insulin requirement was much increased. In the remaining five the original insulin dosage had to be reduced about six months after beginning treatment owing to the appearance of reactions. For McM. the reduction was from 28 to 12 units; for McC. from 12 to 2; for R. K. from 14 to 10; for Den. from 24 to 17; for How. from 36 to 12. In the case of McC. the period was too short to determine whether the great improvement would have been maintained. Two cases (McM. and Den.) showed a definite deterioration at the end of the low C. period, requiring more insulin than at the beginning; while in R. K. and How. the insulin requirement was about the same. This is a contrast to the adult patients in whom any early improvement was usually maintained. To summarize, of six children the final result was deterioration in four, while two remained stationary.
Of the two cases treated from the beginning with high carbohydrate (Gol. and Ric.) the former has remained about the same with a tendency to an increase in insulin requirement, the last C. to insulin ratio being 4 * 7 and the first one 5 * 2, while Ric. has shown a definite improvement, although the insulin requirement at present is higher than it was six months after the treatment began. From the diabetic point of view he lives under the most perfect conditions on a farm, away from infection and taking as much exercise as possible.
The effect on the C.-to-insulin ratio of the change to the high carbohydrate diet can be seen in the five children of Group 1. In one of them (Lan.), who now is practically grown up, the ratio has remained the same, and this is also the case with McC. Eas., who is also grown up, showed a great improvement on increasing the carbohydrate in the diet from 112 to 192. In R. K. there has been on the whole a slight increase in the ratio with increase of carbohydrate, if the improvement at 33 Section of Therapeutics and Pharmacology 1299 the beginning of treatment is discounted; but the great improvement during the last six months may quite well be partly due to the tonsillectomy carried out in the summer. Incidentally, the change from 70 to 123 grm. of carbohydrate made a noticeable difference in the boy's behaviour; he became brighter and more active. The girl McM. is an advanced case, and the insulin requirement had increased to 68 units in three doses each day by 1928, when the change of diet was made. At this time there was sugar in most specimens passed during the day, and there was a strongly-marked Rothera reaction. The increase from 58 to 134 grm. C. was successful to begin with; the tests were free on an insulin dosage of 140. Later the insulin settleddown to 108. Since then the diet has been twice changed. The Rothera reaction is usually negative; but there is still sugar in many specimens of urine, and the last blood-sugar was 210 mg. at 2 p.m. This has been from the beginning a disappointing case, because the circumstances would have been considered ideal; she lives in the country, bicycles to school, and great care has been taken over the weighing and preparation of the food, and the urine testing, etc., and yet the disease on the low carbohydrate diet had in four and a half years become severe. With change of diet there certainly is some increase in the C. to insulin ratio; and some account may be taken of this, because, though some hyperglycaemia and glycosuria are present now in 1931, they are much the same in amount as in 1928 on the low C. diet when the ratio was 0 *9.
From the foregoing evidence, extending in some cases for more than two years, it appears that in adults the course of the disease is no more unfavourable with the higher or normal than with the low carbohydrate diets; in children there may even be some improvement, as shown by Ric. and R. K. But it is necessary to point out that these favourable results, so far as they go, have followed on a careful balancing of the carbohydrate and insulin so as to keep the blood-sugar normal throughout the twenty-four hours. Curiously enough this adjustment has been made as successfully with the higher as with the lower carbohydrate diets and in some cases, at any rate, this success may be due to the time at which the insulin is taken.
With these higher carbohydrate diets the injection should be timed as long a time before the meal as can be tolerated by the patient, and some patients have succeeded in taking their insulin one hour, one and a quarter or even one and a half hours beforehand. It may be that when the body has so big a content of carbohydrate much of the insulin is occupied in keeping the extra glycogen back in the liver and in consequence does not so readily produce a hypoglycoemia. The following figures were obtained for the blood-sugar of Bai. (Group 1) just before the administration of 40 units of insulin and at quarter-hour intervals afterwards: 135 mg.; 125, 105, 100, 75, 62, mild reaction. They show a slow steady fall. Another instructive series of observations has been made on the blood of Puc. (Group 3). The carbohydrate in his diet has recently been increased to 190 grm. and the insulin to 54 units. The blood-sugar at 6.30 a.m. was 140 mg. just prior to injecting 28 units. The subsequent values were 22', 165---an actual rise, then a steady fall; 44', 135; 64', 110; 95, 65, when breakfast was given. Dr. W. W. Payne's complete investigation of this man's diurnal blood-sugar variations has already been published [19] .
But there are some patients, notably Cre., and some children, who find it impossible to take their insulin more than half an hour, or possibly three-quarters of an hour before the meal without noticing a reaction while they are eating. The present writer does not advocate these higher carbohydrate diets if they necessitate the patient taking three doses of insulin a day. Two patients (R. K. and McM.) are taking their insulin in three doses; but it was found necessary to add the third dose before the carbohydrate was increased. It is also not claimed that every case of diabetes can be given over 200 grm. of carbohydrate a day. In some severe cases a correct balancing of insulin and carbohydrate may be impossible, and it would not be reasonable to expect patients to inject much more than 100 units a day, even though insulin of quadruple strength is now available; for most patients the cost would be too great. But with these provisos insulin patients should be allowed reasonable amounts of carbohydrate when they will be more likely to keep strictly to their diet. The difficulty in the past has been that patients in course of time have tended to increase the amount of carbohydrate without proportionately increasing the insulin dosage and some have died in consequence. Nearly all patients are much happier with the change, though when they have been on a low carbohydrate diet for some time they often do not wish to make a big increase.
The patient A. Rob., of Group 3, is quite an exceptional case; he found that any increase at all gave him indigestion, and he still prefers to live on a diet containing C. 94, P. 81, F. 155 instead of C. 166, P. 64, and F. 129 which was suggested. There are certain diseases such as phthisis, arteriosclerosis, angina pectoris, heart failure and retnal insufficiency, in which higher carbohydrate diets are of particular value.
If this practice is generally adopted it is clear that some modification will be desirable in the diet tables drawn up specially for diabetics. Apart from regulating the amount of carbohydrate, the most important requirement of dieting is to keep the total calorie value within reasonable limits so as to prevent the body-weight from becoming too much. An allowance of J grm. of protein per lb. of body-weight is very commonly made in non complicated cases; but there does not seem to be any reason for making a hard-and-fast rule, and there would be no objection to giving up to 100 or even 110 grm., the amounts shown in Table I . Hence diet tables should be arranged so as to allow both the amount of carbohydrate and the total calorie value to be rapidly determined; the exact amount of protein may be regarded as of secondary importance. The principles of the 5-grm. ration scheme for carbohydrate, originally introduced by 0. Leyton, and of R. D. Lawrence's line ration scheme have been adopted; but a 20-grm. ration of carbohydrate is advocated, and the protein and fat-containing foods, which form the red portion of Lawrence's lines, have been arranged into 10-grm. fat rations without making the protein up to any definite quantity. The size of the rations has been chosen to provide a reasonable helping at each meal, with a minimum of weighing and calculation. Six series of standard diet formulas have been calculated according as the ratio of carbohydrate to fat varies from 1 to 2 to 4 to 1. (See Table I , p. 36 .) The calorie value increases on descending the series, and opposite each calorie value there are one or more formulas which indicate the number of 20-grm. carbohydrate rations (CR) and the number of 10-grm. fat rations (FR), and the amount of protein in grams required to make up the value. Intermediate values are obtained by adding the top line which represents 200 calories; this will involve making a subtraction from the protein figures in Series I and V, as indicated by the minus sign. The variation in the ketogenic-antiketogenic ratio for each series, expressed in gram-molecules, is given at the bottom of the table. The reader is referred to Dr. Payne's paper [18] for an explanation of this ratio. The common foods with some proprietary diabetic preparations appear as 20-grm. carbohydrate rations and half-carbohydrate rations in Table II , and as 10-grm. fat rations and half-fat rations in Table III . Milk, which contains all three types of foodstuffs is placed in Table IV together with some other foods and recipes-many of common household use. Suppose it is desired to make up a diet of 2,400 calories containing a carbohydrate to fat ratio of 2 to 1: such a combination will be given by four different formulas, and of these 11i CR. and 11 F.R. and 95 grm. of protein may be chosen. The amount of milk to be drunk through the day is first decided-not counting the amount used in cooking; if this is 7 oz., then from Table IV i C.R., I F.R., and 7 grm. of protein must be subtracted, leaving 11 C.R., 11 F.R., and 88 grm. of protein. The patient will probably be taking plenty of Class 1 and 2 vegetables, which will be equivalent to another i CR., so there is left 10 CR. and 11 F.R. and 88 grm. protein to be distributed in, say, three meals in the day. In most cases it would be advisable to give 4j C.R. at breakfast and supper and 1i C.R. at lunch, since this is the meal furthest removed from the insulin. The fat rations may be divided into three more or less equal portions; they are chosen partly as meat, eggs, bacon, etc., and partly as fat, butter, etc. The protein from the carbohydrate and the fat rations will then be added up to make approximately the desired 95 grm. A sample diet is shown at p. 43 in Table V . The point in favour of this scheme is that the carbohydrate and fat which make up most of the calorie value of the food are rigidly controlled, and a slight increase or decrease in the protein makes little difference to the total calorie value, which however may be corrected by allowing four calories for each gram of protein extra or deficient. No extreme accuracy is claimed for the tables; thus the protein content of Class 1 and 2 vegetables and fruit has been neglected, and also small amounts of fat in certain foods; in other cases allowance may be made, e.g., for oatmeal (Table II) by subtracting 2 grm. of butter from the fat rations ordered. In Table V the subtraction due to the oatmeal and milk has been made from the butter ration at lunch.
By use of these tables a wide variety of choice can be made by the patient without transgressing the total quantity allowed.
By taking his carbohydrate ration in the form of ordinary suet pudding, etc. (see Table IV) , pancakes, or even as cake, if sugar is allowed, the diabetic patient need no longer regard himself as separated from the rest of the family when meal times come round. The calculations will be easier if all foods, except liquids, are measured in grams. The analyses of foods have been taken, except occasionally, from Atwater and Bryant's table and from Lawrence's book, "The Diabetic Life." I am much indebted to Mrs. Hawkey for help in the preparation of the recipes in Table IV . To get accurate results the instructions should be carefully followed. In many cases the puddings have been made large enough for two persons, so that they can be halved at table without weighing. The weight of each portion is also given in case larger puddings are made; allowance has, of course,. been made for loss of weight in baking. It would be advisable for a patient to arrange a weekly series of menus; for accuracy will more readily follow a fixed routine.
Conclusions.-(1) A two and a half years' experience of treating diabetic patients with diets containing up to 150, 200, or 300 grm. of carbohydrate is described.
(2) The method is advocated in general for insulin patients.
(3) For this purpose a series of diet tables has been arranged, including many of the articles of everyday consumption, which have not hitherto been usually allowed in diabetes.
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[16] HALE WHITE, W., Guy's Hosp. Reps., 1893, 1, 133. [17] POULTON, E. P., snd PAYNE, W. W., Guy's Hosp. Reps., 1928, lxxviii, 294. [18] PAYNE, W. W., Guy's Hosp. Reps., 1924, lxxiv, 308. [19] TAYLOR's " Practice of Medicine," 14th Edition, Fig. 68, 549 . An ordinary helping, of vegetables (Class 2) may be takent with meals without weighing. The same applies to many of the stewed fruits. The vegetables, Class 1, detailed below, can be taken cooked or raw at any time in aniv quantity. since the half C ration varies between 400 grm. (14 oz.) and 1,000 grm. (35 oz.), and more. If plenity of vegetables Class 1 and 2 are eaten in the daY it is sufficient to look upoIn the amount as equivalent to one half C ration. With tapioca the protein of the half pudding is 2 5 grtn. less than these quantities. RECIPES.
1.-Fruit Cake. i lb. flour, i lb. sultanas, i lb. sugar, i lb. butter, 2 eggs, 2i oz. milk, 10 grm. Royal baking powder (a teaspoonful). In oven 1 hour. 25 oz. milk, 1 egg, salt, saccharine. Butter pudding dish or rinse with water. Blend finer cereals with a little milk, putting the rest on to boil (sprinkle the smaller grained cereals into the hot milk, allow the larger grained cereals to soak in milk for an hour).
Boil cereal, milk and saccharine together for 5 minutes, stirring constantly; cool off, add yolk and mix well. Beat white of egg stiffly with salt and fold into mixture. in which the patients tried to get on without insulin. In insulin cases he had found more difficulty in balancing the larger amounts of insulin required with the diet to prevent undue hyperglycaemia alternating with hypoglycaemic attacks. Also, most patients, unless allowed sugar, did not want so much carbohydrate as 200 or 250 grm. He was in favour of considerably higher carbohydrate than was given when insulin was first introduced, but thought that high diets required fuller evidence of their value before being recommended for common use.
He did not agree that the glucose-insulin equivalent (Dr. Poulton's "ratio") rose with higher carbohydrate diets.
[Dr. Lawrence then detailed some experiments which showed that, when all the factors were considered, especially sugar arising from endogenous sources, the glucose-insulin equivalent remained the same whatever dose of insulin or amount of carbohydrate was given.] It was plain from the variety of methods used in different countries and clinics, that insulin produced good results with almost any diet, whether high in carbohydrate, in protein, or in fat. The most important point in their comparison was to consider how the patient could live most normally, comfortably and economically.
His recent practice had been to increase the carbohydrate originally allowed in the line-ration scheme, by prescribing more carbohydrate portions than protein and fat portions. He usually gave from 70 to 120 grm. of carbohydrate, and found that this allowed a satisfying and nearly normal amount of bread, potatoes and fruit at the meals following the two insulin injections. Most patients, at any rate after the initial period of treatment, were allowed to eat protein and fat in unmeasured quantities to taste, and went on perfectly well if they were careful merely to balance the insulin by regular amounts of carbohydrate. He thought any diet wbich required the use of three doses was a thing to be avoided, and two doses were likely to be insufficient with high carbohydrate diets in severe cases.
Dr. Poulton had suggested that a change in existing diet schemes would be necessary, but he (Dr. Lawrence) thought that modifications of existing ones would meet the case. For example, it was quite easy to double or treble the content of the carbohydrate portions in the line-ration scheme, and reduce the fat a little, if deemed advisable, to produce simple higher carbohydrate diets.
Dr. Thomas Hunt said that the value of the low carbohydrate diet consisted in resting the pancreatic tissue, but there was little evidence that islet-cell regeneration commonly occurred. High carbohydrate diets were valuable before operations, and in infections, and they improved muscular development and activity. More work could be done, the diet was simpler, and patients became less neurotic about themselves. One drawback was the danger of obesity. [Dr. Hunt showed tables of 16 patients, eight of whom had had carbohydrate above 120 grm. daily, the remaining eight 60 grm. or less. The former showed little differences as judged by the fasting blood-sugar from the latter, but the renal threshold for sugar was greatly raised in those of the former, as Porges and Adlersberg had also found. In many cases the disease appeared to be either stationary or progressive and seemed to be little influenced by the carbohydrate in the diet if this was covered by insulin. It was difficult strictly to compare one case with another.] Dr. J. A. Nixon said that ever since insulin first became available, in 1922, his practice had been to allow diabetic patients a high proportion of carbohydrate in their diet. He had held the view that the value of insulin lay in its power of enabling diabetics to utilize adequate amounts of carbohydrate. He had therefore abandoned starvation, and diets with high fat and protein contents. The results had been satisfactory and had secured contented and well-nourished patients. He did not think that a greater number of patients treated with high carbohydrate diets were able to dispense with insulin than of those kept on restricted carbohydrates; in other words, he did not find a marked improvement in carbohydrate tolerance because of the more generous allowance of carbohydrate. Some workers, Joslin among them, believed that it was already possible to say that the onset of arteriosclerosis was postponed in diabetics wbose diets contained a high proportion of carbohydrate and relatively low fat and protein. He (the speaker) did not insist on his patients taking standard diets. His plan was to allow a patient to choose what he considered his normal diet, omitting articles which contained sugar as such. This diet was carefully weighed and its content estimated in terms of carbohydrate, fat and protein.
Any obvious excess of one or other constitutent was corrected and the carbohydrate was usually confined to two chief meals in the day. By this means only two injections of insulin were required. If, however, the patient preferred to divide the carbohydrate between three meals, then three injections were ordered, but the majority of patients elected to have two injections. When left to their own choice, few adult patients took more than 100 grm. of fat and 100 grm. of protein.
Scarcely any could enjoy as much as 140 grm. of fat. This admitted from 100 to 150 grm. of carbohydrate to make up a maintenance diet of 1,679 calories and for a full diet of from 2,500 to 3,000 calories the carbohydrate content might be raised to 300 or 400 grm., so that patients felt generously fed and readily fell in with the diets allowed. He (Dr. Nixon), preferred to describe these diets as containing adequate" rather than " high " amounts of carbohydrates.
Dr. George Graham: Dr. Poulton and other speakers have presented a very good case for increasing the carbohydrate ration in the diet of diabetic patients. During the last year I have been steadily increasing the amount of carbohydrate, and I have brought forward the figures for sixteen patients whose blood-sugars were as a rule normal. They belong to the original group of 100 patients, who were all admitted into St. Bartholomew's Hospital before the end of 1924. I have chosen this group because it seemed unlikely that the diabetic condition would be altered in any way whatsoever. In passing I might say that all the original patients in this group who were careless and faithless over their diet are dead. The increase in the carbohydrate during the last nine to twelve months in these cases varies from 30 to 57 grm. Three of these patients require two units less of insulin than they did before the carbohydrate was increased, three require the same amount of insulin, and the other ten require more insulin. The amount of extra carbohydrate which is looked after by the extra units of insulin varies considerably. In six cases it varies from 3 * 5 grm. to 9 grm., and in two cases only 2 grm. of carbohydrate are looked after by one unit of insulin. Table II shows the behaviour of the third patient in Table I 
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I have had similar results with patients who have had diabetes only for a short while. I am proposing to increase the amount of carbohydrate eaten by these patients still more, and I am not at all certain yet what is the optimum amount of carbohydrate.
One point in the diet which is stressed by Geyelin and Rabinowitch is that the amount of fat should be very low. They recommend giving only 50 grm. of fat and 250 grm. of carbohydrate. I noticed that most of Dr. Poulton's patients were taking over 125 grm. of fat and sometimes considerably more. The key to success is probably the balance between the amount of fat and carbohydrate in the diet. Even with quite high carbohydrate (150 grm.) I have sometimes had great difficulty in getting the urine free from acetone bodies throughout the day. This was even the case in a patient from America who was taking 160 grm. of carbohydrate, and only 50 grm. of fat. The urine at times during the day gave a strong reaction with Rothera to acetone bodies, and sugar was present at the same time. I have an impression that patients on these high carbohydrate diets are rather more liable to pass acetone bodies in the urine if the dose of insulin is omitted or delayed, and I suspect that if the patient develops another infection, causing a well-marked hypoglycimia, the condition of ketosis will develop very rapidly. I hope that Dr. Poulton will not make any alteration in the way of calculating diets. The present method of using the 5-grm. ration of carbohydrate is exceedingly simple and patients very soon learn how to vary their diet. I am sure that the patient would find it much more difficult if the carbohydrate was again subdivided into 5, 10 or 20-grm. groups, and especially if he were worried over the caloric value of his diet. Dr. A. P. Thomson (Birmingham) said that in 1925 he had made a careful analysis of the results of insulin treatment in 100 patients, all of whom had been under supervision for more than one year. The result of this investigation had suggested that the very rigid dieting and control on which he had insisted during the period following the introduction of insulin was not essential to success, for he had found that a certain proportion of the patients who had not consistently observed the restrictions and had taken a more liberal diet than he then advised and larger doses of insulin, were actually in better general health than some of those who tiad been more tractable. This observation led him deliberately to try the effect of diets with a more liberal proportion of carbohydrate. During the last five years a large number of diabetic patients had been under his care-he had not got out the exact figures, but the total was well over one thousand, as the records at the Clinic at the General Hospital, Birmingham, alone included more than 700 cases-and as the result of his experience he had come to regard 100 grm. of free carbohydrate daily as the minimum necessary for adequate dieting in the great majority of cases, and frequently he allowed a good deal more, particularly for children.
A further investigation had shown tbat, provided an adequate quantity of carbohydrate was taken in the diet, the total amount and relative proportion of protein and fat might in most cases be safely determined by the appetite of the individual and might vary according to the demands of his daily life. Rather to his surprise he found that such variation in the balance and total calorie value of the diet did not require frequent adjustment of the insulin dosage and did not produce disturbance of the blood-sugar level. This conclusion was so important that it had been made the subject of very careful independent investigation by Dr. R. J. Gittins, who held tbe research studentship in diabetes at the General Hospital, and his results, a preliminary note of which had recently been published in a letter to the Lancet (February 7, 1931), amply confirmed it. After all, the physiological needs of the body in the matter of food varied from day to day with the ordinary viscissitudes of life-patients lived in homes and not in calorimeters and they remained human in spite of their disease-so it could fairly be said that variation in the total daily diet had a rational basis. A large number of patients had now been treated with a diet containing a fixed minimum proportion of 100 grm. of carbohydrate daily and unrestricted protein and fat, and the results were eminently good, providing the patients were not allowed to gain weight. By this means greater simplification and variety in diabetic dieting was possible and he was glad to learn that Dr. Lawrence had independently arrived at a similar conclusion. He agreed, too, with Dr. Lawrence that the high proportion of carbohydrate used by Dr. Poulton in some of his cases was unnecessary for comfort and efficiency, and that patients were often subject to hypoglycoemia when taking it, since the blood-sugar level changed very rapidly as a consequence of the larger insulin dosage that became necessary. The theoretical objection to the more liberal diet that he now used lay in the suggestion that occasional hyperglycEamia might limit possible regeneration of the islets of Langerhans. His experience led him to believe that such regeneration as occurred was limited largely to a period of about six months following the onset of the disease, and on that account it was still his practice to advise rigid control during the earlier period of treatment in acute cases, particularly in growing children.
Dr. P. J. Cammidge, after referring to the high carbohydrate diets employed in pre-insulin days, such as von Noorden's "oatmeal cure," said he had always regarded the insulin treatment of diabetes as a substitution therapy and not as the cure it was originally believed to be by most physicians. The type of diet now advocated by Dr. Poulton, and other observers in America, showed that the attempt to employ insulin as a curative agent was being abandoned, and that it was now being used to make good a metabolic deficiency and maintain the nutrition of the patient at a satisfactory level-a change which justified his (the speaker's) attitude.
The commonly accepted principles of dieting were as applicable to the diabetic as to the non-diabetic, and the aim of the treatment of diabetes should be to enable the patient to take a mixed diet, suited to his circumstances and requirements, in all cases, employing insulin in appropriate doses where adequate nutrition and a proper balance between the constituents could not be maintained without it. In his experience it was particularly important that the ratio of fat to carbohydrate should not be excessive, and he strongly deprecated the relatively high proportion of fat described in many diabetic diets. [He (the speaker) quoted cases coming to him from other physicians with diets containing three or four parts of fat to one of carbohydrate, and showed that a striking fall in the sugar content of the blood and improvement in the patient's metabolism and well-being followed an approximate reversal of the values.] Alteration of the diet in this way did not necessarily entail the use of insulin or increase the dose when it was already being taken, in fact a smaller amount was frequently required. Analysis of the blood in cases having a high fat diet always showed a high cholesterol content, and this rapidly fell to normal when the fat was reduced and more carbohydrate was given instead.
He was inclined to think that the higher carbohydrate-to-insulin ratio seen in some of Dr. Poulton's cases after more carbohydrate had been given might be due partly to a diminution in the fat, but he did not think that much importance could be attached to the ratio since it was not possible to determine the carbohydrate factor with any degree of accuracy. The natural and seasonal variation in foods, differences in the activity of the pancreas and other digestive glands, and diversity of the absorptive capacity of the intestine, all contributed so many variables that figures based upon the calculated carbohydrate content of the diet could only be misleading.
He had found diets relatively rich in carbohydrate, including dextrose, particularly useful in cases of diabetes complicated by nephritis and heart disease, as it was possible, with the help of insulin in appropriate doses, to reduce nitrogenous waste, spare the kidneys, and improve the nutrition of the heart in a way that had not been feasible in pre-insulin days.
Dr. Paul Weiss, Bad-Homburg, Germany: More than 25 years ago, I was assistant to Professor von Noorden. In those days, you remember, we treated diabetes with high doses of carbohydrate and fat (oatmeal soup) some days every
week when there was acetonuria.
I agree with Dr. Poulton that now, in this insulin era, we should use large doses of carbohydrate to give the patients relief. This idea of using a fatless diet with large doses of carbohydrate came from Austria (Dr. Porges). There is a great deal of scepticism in Germany about this diet. Some authors incline rather to small doses of carbohydrate and give more fat (modification of the Petren-Duede method).
A diet of small quantities of carbohydrate in conjunction with fat and protein is certainly a very severe one, and tends to cause acidosis (Petren). It is specially important to give carbohydrate in such a diet as Dr. Poulton advocates in the form of potatoes, fruit and milk, but not much bread. This diet is alkaline, and no alkalies as such need be added. The diet is then more like a vegetable diet, and no one doubts that a vegetable diet is the best diet for preventing the accumulation of acids-that is to say, it is the best alkaline diet.
